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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a novel 
structure for a spin valve magnetic converter, especially 
a spin valve sensor, for reading out an information signal 
from a magnetic medium and a magnetic recorder, i.e., a 
disc drive, comprising such a sensor. 
SOLUTION: The spin valve sensor has a lower structure 
arranged to increase the OMR coefficient utilizing a seed 
layer arrange crystallographically in one embodiment or 
utilizing an improved pin anchor layer in other 
embodiment. These improvements can be attained by 
preventing current shunt of a sensing layer and softening 
of the sensing layer and the pin anchor layer through a 
uniform layer texture. The improved seed layer 
according to the invention can be formed of a face- 
centered-cubic(FCC) structure having a (1 1 1) 
crystallographic plane parallel with an underlying 
substrate. One material being employed preferably in the 
seed layer is Ni42Fe50Nb8. 
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^*iSn-5**J^<Sr^tpr t Sr^m ti-5fl*« 1 3 (CIS 
[it*^i 5] HfilSifve*Si4. BfrfBBl<^a»¥^T^f 

t-WU ttIBf5 2cDiS»Wt°:^@*Sf4CoFe tCo 
Ni f eX (S;f>, Xtt, Nb. Mo. S.U=C r d^b^i 
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[f»*« 2 2 ] MiEU 1 cO^liN i F e N b ^^^i-. * 
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{t:(4, (AFM) «1 2 l»ci53S^^-^Sr^ 
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tt^tl^tlSa^^l 0 4S.O!l 0 6|CJl^fiK$t^T*^ 
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1 4 ORXfl 4 5 K • y<-<T:^m 13 0 
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[0 0 10] ft3£H%$tl.fc>^fc"'> -fevf-o 
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-fei^f-2 0 0tt>f:^^^*S2 0 6(Cj;o-CSV>(C5^8tStU 
fc-*tOffllFB^^2 0 225:0!2 0 4SrW-r5o 0 
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N i 0/!>^P>7'£-5AFM® 2 0 8(Cj:oT@^$tvTV^ 
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GMP#,S;45J;^)v^o^e^)l^^^^^(^. ttE(--^;tt)ixfc 
7^-<;^^'S±(cJ;t)V^o^5#<©1t«if3' b^*&^-r 
5r ti65orfgt)feS„ ;^f>-/^;V'>'--feV(DGMR^ 
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ff.lC(Wi|E|-W (softness) J t±Wt^^£mit(D 
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[0 0 15] ±i^-^mPc<omi<r)mt\t. i(tPc(0±Wifi 

fimiRt)m\^x±^\<^m^(r>7^mB\m-&-r^ ^ t 

>45-et5. Lfc>45oT^K^^g^R'OS'(W5:*:tv^c:i: 
tffl-g-i^^-o-C. ^ft:6tJ^ilggT:R*5fiV>i. 1^V^GMR 

[0016] GMR— ;/ K©#tti-MaUfcftfero#14t 

LT, m^}-sm%m.yi-. AFMtt'vsfesxd^®:© 
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[0 0 2 2] t-^xgi^HJlttSISf^l^^e^S^rf^Syb 
i Fe ^>tjt5l5CD#<(Olf^e*S(-'ffiffi$nTV^S„ ^ 
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$ P> G M R«icdS&# $ 6 fc* 5 5 o 
[0 0 2 4] 

[0 0 2 5] ^(Di:bfinm^m^-r^tz^\c^ t.fc» 

^{.^^mmmmtvx^^ici^^;^^.. *fc<ii£< lEis 

igfB^WIi^«-g■^^*^^^/cmM«JS^SSrlo£^ 

[00 2 6] i^W^O):^ \f> • ^<;i'Zf • -fe N i 

FeNb*^t>/£?>Str&JS^fttl mx.t£. NiO) 

mmxi-i. m^m mx.ti. Ta) /!i^e>>5:5SSr. v'- 
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[002 8] • ^VVT* • -fe Vf-t*. ^-V ^y^S. 

gas, ±iaLfcJ;5?'i3i<ltt(*:wt°i^® 
S3fiB£tt« (AFMS) , Rt/S^^r^-rSfcO 

[0 0 2 91 • y^yuy • -fe^/f-fi:, T^>f 

^ • Ky-ry^»i. ^g^x^^^t. ±IS<0J:5I-=S 
^$tT.fciJfrW (AP) t^:/gi?):^tf>'-/-</P>^ (S 
V) • ^f[.y'-<;^:^±<7)e£^&«3t-tBfiS:^ttfc 
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*g $ titcmm^ nil Lfc g s ^m.im <omim 

[00 30] 

57^ -C;^^- K7'f :/3 0 0©— ^J^;^-r„ m3\^m-f- 
T'-f;^^ • K7-f:/3 0 0(4, {p-tj:< tfclo 

w:^^' 3 1 2(i;^t''vK/i^3 1 4lcj;oTSit^ix. 
oxw:^^ . K^'I'T'- ^3 1 StdioTlHie-f 
So ^m^y'^y^^ 3 1 2 ±©a^lH®:»f*:H:, IH-t 

[0 0 3 1] ^;fe< tt, lO©;^7-l'^3 1 3*^7"^:^ 

^3 1 2±(cteeLTv^.5o ^a-^^y^rys i3ti. 

?qroGMR-fe 9 iitP 1 o£i±(?3^^gg;9^® 9 / 

Sti^i^^s/ K3 2 1 ^^n-t?>o 7'4^^i>^m^i-i 
r it?. ^7^^^3 1 3ttx^;^^'ffi3 2 2±?ri!S:lt4^ 
^tv(cJ;oT--s/ K3 2 lliffarox 
-^!iSEfik§t^-CV>5«^xW^i5' 3 2 2(Dmti:?)UiiL 

(;i7^-fe;^f srtiis-etSo ^^^yi'^s i 3tt, -f 

^ • T--t.3 1 9»c5l9#ltP>*lTV^.5, •^^;^■^v^;'3 
V3 1 5{4, x-f ;^^'S3 2 2tC*J-UT;^7-f ^^3 1 3 

• T— A3 1 9W:T^'?^3.3:-^#g:3 2 7{Cft«) 

[0 0 3 2] Bl3J::^1-i5'iTj5'^=3i-^^a3 2 

7{i, :«J?^;^ • axf^i,. ^— ^ (VCM) T'fcoTtJ; 

[0 0 3 3] x-f;^^'iBtiSfi«f^i!)*, 

3 1 2<D|Hlte(^io-C;^7-r;5^3 1 3 (-^.yK3 2 1^ 
;6^o^^x-f:^^' 3 1 2©*Si:[R);0^V'>-g-5^7 
'T^S 1 3©«S^Sr^lftSltffi (ABS) t^S) t 
^:^y^^3 1 3<o±;5^|p]0;^31«^;^j^^C5tw;^ 
^'ffi3 2 2 twFflJr^^ttSttSr^^g-r-So bfc;45o 

V3 1 5©#d^?i^^^;^j^;<7 -/^^^^L-. UK 
6«){;i-^©11*^?'i^Pfl{cj;oT. ;^7-r^3 1 3^11^^ 

[0 0 3 4] x^;^i?lSlt$^«®a^©«^S*li, $J 

b 3 2 BKX-oX^^^tl^M'l^Sfm^-KXoX 
Xff^U^ n y ^fS-^?r-&tfo mm^=^-y h 3 2 



-fSo 2/ h 3 2 9 y^l^S 2 3±(OmWs'e 

-'fmWm^. > 3 2 8 iO'^-y masu^v'-^' 
^3 1 S^y'^:^^ 3 1 2±(D^S(D7'-i5' • hy yi^ 

ic [6] ft Tgiiic^si/& ^ogae § * 5ff MrowjST'n 7 ^ 

K3 2 ^rid^PjSftfcO-r 

3 2 1 it, :^^m<oy.if:y • /^/u:/Sr^ft"'5GMR-fe^' 

[0035] 04 H:. FC CXI*E'L^S::fr«igS^^■t■5 
•? /«t Ji^^ -:y K 3 2 1 -t?^ffi $tt2.# < (Oft- 

(111) fefB^W¥inlifBoTgae$tb5tv^5^a 

;5s#e>tifeo bfcd5o-c. (Ill) 

K 3 2 1 CD F c ci^m^mm s n^m-^ic^^^ *) /9 

K3 2 1 ;iSftji»-SltB-f-5o ia4-ett. SIS 
3 7 2±i;:gB«$nfcFCCWi|Sf<OlE;^fmi|SF3 7 OdS 
|g^$HTV^5o (111) ®'L^A*«J|BH*S«tc*fL 
TW(e:B;^|^^^•CV^5. S!:;^{*:^!is|- 3 7 0<0:^|{cfc5 3 
ocDjg^S 7 6SU«E(7^*.il^l^:fc-5 3o(DiS^3 7 8 
tt, (1 1 1) ¥ffi3 7 4Wtt3(cfci3, glSi-^H^-W 

[003 6] ^S©g<D^#B€rJ^fig-t-5fc*tC ( 1 1 

1) wm3 7 Aumm^ti^m^. mtzf£S<of^^mm. 

i:<om<Dmwm\-i. v><o*^©JFaigE (.mi-<o-rixift 
y V) xnmm (s^>45#;aE■f^t^v^fc^M) ^^-r 

•So -tW^*, (111) ¥ffi3 7 4(4. ^{cS^Lfc 
-^<OT^';^f--rg<OfiK*<Dfc*(OS&;ir6?)/j:S8-C*>5o 
[0 0 3 7] *^Ml-tt<3<5S:ll$ixfcTSB 
mT^*>WL»hfit:.:^yf-y • /^/^y4 0 0<D-||i£j^^(O 
^StttS:ftffi (ABS) Sr*1-„ APfye*;^^^- 

-t^ma:^ f V • • -fe ViM 0 0 -C^ffi-rS - i: 

:a5-et2.o 

[0 0 3 8] m5(r>y.\i°y ■ ^<)v:f • ±y^4 o o fi, 
4'*:®*iE4 0 4 (e:j;oTi:v>(c:5>il$nfc-*i-K>«3Si5« 
i^4 0 2 t t^>lcEl^$ix-CV^5„ >t'*«^4 0 4«^ 

fc^-a-Sis^j^fifeu ^^ogt^asirgi^-t-So ^^f^"^^ 

yw:/ • -fev-9-4 0 o«S«4 0 6(;:?gfi£$tiTv>So S 

ijyy^. ^mw^Pt. y.\i.T/v^-r (AI2O3) ^o-t 
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[0039] |g2<Dg407 «:Se[4 0 6 (D±U\CM^ 
$ti5o •'>--Ka4 0 7(i:>f:^P^lc^>t^< V^<o;^^^0 
^fj:^:)jm'Cm^^flXhX\^\ i/-KH4 0 7(Z)^/jr 

m^^(o\c^m^tifcumK m 4 \zmm vxwimLfc 

J:5tc. SS40 eicTO?'.? (i i i) ¥ffiSri$oTJ^ 

J5|g$nSr ^>55$fiLV\ t>bv^-Ka4 0 7<0 (1 1 

1) ¥ffi;^f5SSt-¥ffT*fo^?fe6>«. ix-Ka4 0 7^ 

moxo $ tvfc^^t^ F c cmn-M Lfc^fs* 

hn-A, J:(9»*L<li^5 0;t^/^;^ hn-AT!;^ 

[0 0 4 0] R^fiStt (AFM) @4 0 8li:. »^ t< 
H4^*S^4 0 4 |^(Dv-- hS4 0 7±tC?i^^$tt5o 
&-5VM^. AFMS4 0 8^ffi^fP^«4 0 2 tl^^tCtp 
*^^4 0 4^Ji^^LTtJ:l\ AFMS4 0 8t^. - 

4 0:^^^:^ hti—J^7bmm 1 0 0:^1^1^:^ hn — 

[0 0 4 1] (pinning) Sr^O 

fcieXC. P tMn^ffifflLTR3S^14S4 0 8^?g^L 
Tt>J:v\ ^fz. ^(Di:otj:m\^. L< 1^ 1 0 0;d- 
hn — A7!;M*^)3 0 O:^^'^/;^ hn— ix-e. J; *9 
»*L<(^^1 2 5 3^:x^;^ bP-i^75M^2 2 5:t>' 

<fl^l 5 OrtVi/;^ hn-A{;:»*L<(^^^1-^o 

^1i/cC>^CSr!^tt{C-r'5r PtPdMn. N i O. 

NiMn. CrPtMn^. iSL<Dm^^^\^XK^m 
ttS4 0 8^?g^L-Ct>J:V\ 
[0 0 4 2] AFMm4 0S±\cmm^tlfz^¥ 

fx (AP) fc'*>'e*H4 1 o^^ov^Tla5^-r5o 

•mJSJI^ffi'Ct^i. APtfVgi^)g4 1 Ot^, 

ga6®4 1 2. |^2<^t"VSi6l4 1 4, RUm^<0\f 

:ym^m4 1 6/&^e>«^^ti^o ae^ttfc 

t:'^-gie)g4 1 4<^f^ip<9(-. EI1(7>®1 20^1^^ 



KTr^-f^mmrnxn.. miRx:^m2<op^^\fi/mt>m4 

1 4^tl^4 1 4\X. »*L<f^ig@^SJt^J:^i-S^M 
*f5p|-^^bJ^^§Hfcg4 1 8^^J;o•r^v^t::5)'^>^^Tv^ 
■So iSWie-g^ (APC) S4 2 0l^. »*L<(:i#PK 
^fi-5^;i>^e>?^^$ix. ^tttcJ:oTBljSSLOfm2(^AP 
b*^^S*S4 1 2 5.^^4 1 4ifiKmM^m^%^<DKF 

[ 0 0 4 3 1 S4 1 8 ^-^(ommm-^hmi^^^ 

b. N i F eMo. RXfl^ 1 F e C r t^mfhfl^o t 
^^L. NiFeNbfi:, «^K)?i@*S^;65ilS< , 

F C C«5t 5 r t e>#ic^*6^JT& 5 1 

-^^84 2 0S:>^V^Tt>iV^;5^ Ru;65$f*bV\ Hi. 
^2. SO^B3(OAPt'*^^@it^S4 12, 4 1 4. St/ 
4 1 6(lig3?S$^5t^. -Pilx.«CoFeSUfCo/^>>e?^^ 

}bm4 12\tCo¥ et^hf^^mxh^. AFMg4 0 
8±lC:«a;5^0^^LTV^-5o B 2X15^3 OAPtV 
eJ6M4 1 4:&tJ«4 1 6t>*/cCoFe;6^t?l^^L-Ct> 
<tV\ iSfr¥=R^^^a 4 2 0 Pi^B 2 £DA P t'V-gi^S 4 1 
4 i:||3c^APlf^^ei?>a4 1 6 t(Dm^l^^^flX\^^ 
^f*b<(^. miRUfB2(DAPl:''>'®i6S4 1 2 
Rn4 1 4(i. H3C0APfc''>'-gi^)B4 1 Q<D^\^4 2 

4 i:(iS*|-c^;^Fp]4 2 2^;lb^^gi^)$^^rv^^o 
[0 0 4 4] t^vg^g^mi. *f*L<fili:$;i5)^3 
4;t:xi5^;^ hn— A:/!f^^^jl 0 S;^^^;^ bn— ix, J: 

v\fi^m^m4i2\^^ uii\.<\m^i)m^:^>^:^ 

L< H*?J8:*-V^/;^ hn-A:?Ir^^l 5;d-:x^;^ hn- 
A-efo^o ftt>^f*LV^©$(^^l O;*-^^^'^ hn-A 
-efo^o fc*:/@i^a4 1 0<D^(DMm^^^M4 1 80 

L<(W$^5^6:t>'>/;^ hn-A75ig^l 0;t>^;^ 

n-A60l?^-efo-5r ^;65at>iff^LV\ |g2(7)APlf 
:/ei6®4 1 4l'±»i^L<lt.m5:^>^:^ hn-A75^ 
*^2 5:t>'i^;^ hn-i.(^J5^$-t*fof9. <t*9$f^L<fi 

tT)e-&-S4 2 OcOff^t^, ^f*L<H^4^^^:^ 

[0 0 4 5] B3(7>APb*:/eje)g4 1 6<?Dff ^ (i. 
-A, <ti9i!f*L<(^2 2:;e->^^:^ hn-A:^3l*^2 8 
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2RXf4 1 6(Dm^\^. m^\^mM^fl^J:^ifl^^^J:^ti: 

3£OAPtf>'®*a4 1 6<^ff$S:^L5IV^fc||l OA 
P t**i/ei^>a4 1 2cDff ^3:^>'^;^ hn— i^T!? 

[0 0 4 6] ll^LfcJ:5l-> ;^tf>^ • /^/v:/ • -fez/if 

4 0 0f^. :^3CDAPt:*VS/*g4 1 6<^±{C^f ^ 
J: 5 LTJ^^$tifc;^-<— *^S4 2 6 

(Cu) ) -^^hB^^n^^^. ^ (Au) 

xf^^ (Ag) ^(Dm<DGMR^mmw^^hm^^fix 

t<tv\ *5IP^l;itoT^-<-i?-S4 2 e<Dm^\tmm 
»*L<(^^1 5;^->^^;^ hn-A75M*^J3 0 

[0 0 4 7] SS^S£14S4 2 S;^^;^ 

4 2 8 n»^L<\tm^mffi(D&'^\^^^m^^mm^hm 
^t^mfhti^o »*b<ii. as^fisi4S4 2 811. 

mm^rnxn. g*g4 2 8(tCoFe;&^ib*^1gftS 
(y^^—hM) 4 30 iF et^btS:^y^^—h 

tRxj^'t<Dmn.m^-^m^^^t^^hmii^ih^o cof 

eib^h^J:^y^^— hg4 3 OJlt/N i F ef)^h^J:^y 

[ 0 0 4 8 ] L< ti. g S^SSfiSttS 4 2 8 {1. ^ 
W(Dm^:A^m2 5:t>i!f:^ h^-J^Tbmm? 5:t>^y^ 

hn-A-C&^o J:i9$f*b<(l*^3 5:^>^^;^ hn- 
i^75^^5 h^-J^<Dm^Xh^o ^4 5:t 

3 0(l^if*L<tiJ?$;65^5:^>'^;^ hP-A:?Ir^«^l 

^^-hg4 3 2fl. 0^i.<\tm^^m2O:^>^y^ 

ig^4 0;^>'>/;^ hn-A-Cfo^o ft t>^J* LV^i?:$ II 
^3 0:^>^y^Vx2--J>.Vh^o 
[0 0 4 9] y^ hS 4 3 2 It. 0^ LV^N i - F 

t>J:V\ m^}i. Co^N i~F e^^\cm:t^Z.tX 



"*-CgS3aattg4 2 8<7)?K^*)cSHk^5|IK6?) 

/K nv^!>i^. SU^^IJ :/xV^>*fcN i -F e-g^^tC 
m^^^tXy^^-hS4 3 2(Dm.1m.^Mi^. 
ctoTffifiT:S4 3 0^Jrm^fl;J^^O*5rii5i65::i:;55'C 

[0 0 5 0] nxJ^m 5 ^^m-r^o lllt;i^f i:5l-. 
• ^Vuzf • -feVf-4 0 Oti:. ^i^^j^4 0 4 

:^titcm^mt^^b^m'r^tcib\c}^&^m^4 2 
s±Km^^tirc^^y:/m4 3 5f)^m\fhfix\^^o 

^^yym4 3 Sl-i. »^L<^i^:y^J^^ (Ta) ;e)^e> 
Yfhti^tK ii:M(om^^mn^^mvxh3:\^^r.t\t 

-fe::xf-4 0 0(lffigp^liE4 0 2(c:-*fO;g#;&fR](c/W 

Ty^-r5S4 3 6;i»5J^^$tlTV^^o /MT>'^S4 3 6 
^f*b<ftCo-Pt-Cr ^^^<D@|R*fipF;6^?> 
f^e^tV. t':*:^«4 0 4^:l#;^fn]tC/^^r>'^t-5fc* 

[0 0 5 1] Bllc^i- J:5(-> -^(Dy-K4 3 8^>* 
tzy<^T:^m4 3 6±\m^$tiX^^. 
y *±>"^4 0 0. «il4 4 2. RX)^mtiimWi4 4 0(D 

<Dj^mX\t. ^ffi^g4 4 0tl2*(Dp-K4 0 2m<D 

[0 0 5 2] ^>:^mj£m^\t. mm^fitcmm^h<D 
^mmum^\cm^ ut g ^ ss^ttB 428 (Dmit:fjm 

MF'^m^i'^^tX^^mi$.4 0 4(Dmi7iR''i)^mt 

n^jt-^m± (PRML) ^^y^^i^moy'i^^/i^mm 
^^>:^/\^^^'t^h<DxhoXhX\^\ fe^v^^l, ^ 

mmm\t^m^\^^it>tix\^^^\f-^^tii'f'^>^/^^ 

[0 0 5 3] Ele (a) i/-Kg4 0 7 

^•r^mi. TSPSs 1 o;65S;K4 0 Q±\cm.^mt)^n 

T*5t). *fci/-KS4 0 7<o±|;iJ^^^nfcS(^'r^ 
>^^^^^0J^-r5fci?)tcT^g5 1 0(D±m^'r^:^^ 
^m5 3 0tmt^flX\^^^o X^;^^^g5 3 oil. $f 

*L<nB'i:.>3i:;^ (fcc) ^^^Bmm^m<:^um-hM 

^^tlX^^. ^SfslSigcO (111) ¥ffi^Sfi4 0 
6(C^UTWt-'r^#JPf;0^e>7^^;^^-rB5 3 0?rJ^ 

^itoflfi,(OW)|£|- (t?tlx.fJN i F eMo^I^N i F e C 

r) ?rffii^rt>i:v\ 

[0 0 5 4] 1 0(1. $f*L<HSS4 0 

U^X^X^-Yg5 3 0<Oi^;^^a^tt(^)fc^«5gSr^-r 
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L<{4Stg4 1 0\zm7^ (111) ¥S*JtoFCC 

^ ;^^-Ya 5 3 0 tm&.(D^i-^^^^-t^ ^tii^ru 

msiO bixSo N i OfiTlFPg 5 10 irm^ 
iMnOSrlBV'>r't)J;V''o 

[0 0 5 51 ::o<};5(-«fiK-t-5r t-C. T^fB^sio 

10O)¥$«, 0:tV^;^ hn-A75S^7 0 3^y 
^;^hD-A-Cfe2>. ft^>»4L<rt, Tg|5l5 10tt 

f--rS5 3 OWjp^fi. tg-t.L<tif^5:^>iyy^\'U~ 
X^';^^^S5 3 Oroff^tt^l 0:^V^^ hn— A-e 

[0 0 5 6] ^icS 6 (b) Sr#WL^i>6SP>ia?qi-5o 

?i^fi;4S*^ttTV>5. Eltc^t-i 5 TSBl 5 1 0 t 
ri5';^^^®5 3 otcoratc^ffSS 2 oimA^tix 

v^5, m7M5 2 ori. Tia5g5 1 o tT^^^^^^-^as 

3 0t©IS©^tTSrfc^i-<-r5ri:/J|5-e#. S^^tt 

5o —o<omthX. S^eS14S4 0 8»P tMn*^t> 
Jl^^K ^ Ix, d^o^frS 5 2 0 amt. L < r t 

•c^v^s^fi^^4e 4 o s (D§:mfm^ii^'^t^tf£?>. t 
a tt^fri 5 2 0 ^m^-r^±x»t. L\>^UnXtif£i> 

[0 0 5 7] TUM5 1 0RXfy'i':^f-^m5 3 0(0)¥ 

LV\ ^fTS5 2 OcDj^^tt, $f4L<H:*^2 0:d->^ 

J;5{--r5o it)»*L<{4, ^g5 20(Dff$«*^l 
2 5:^:/^^:^ ho— A7!;SKj4 5:RhV:/;^ bn— ATfe 

5, ;i nmymmnw^m 5 2 o t ^f * t < 3 

[0 0 5 8] ia7tt. *:BBJtCt>i'3< GMR-feyf-(^ 
0 7AS€*»nTV^.5. il5@WS^M4 1 8 5r^UT, m 
S5Sai4B4 0 8tt, ^<r)m^X\i. L< tlN i O 



■mm-f^tz.t>Km(Dmn^'^m\.xhx^\ ^<ommf- 

(0 0 5 9] %m^^WM4: 1 8^tU!->-KM4 0 7 5r 

4 18 liSv'- KS 4 0 7 (D^tn=Xm^-t^ - t 
•5itSr^!iEbTV^.5. v^- KS 4 0 7 ttfv 

ii*S4 1 od5i^@*efii®4 1 8^^t.fi\^^mmMm 

(0 0 6 01 *5IWO»*LV^-&^S:tFi8gl4£ilTWii 

i^l. ^2. SU5f{3©fv@«)l4 1 2. 
4 14, R0f4 1 6-X?^effl-f-5Co-Fe-g-^©miS<0 

g-e'lgffll-SN i -F e-a-&CO»*bV>0iJJ4, NigiF 
eig-C&So l5@^Sgi;S4 1 8Xtt7^^';^^^rS5 3 
OT-'ffiffli-SN i -F e-g-^Wif^LV-'^SItt, N i 42F 
e5oNb8-Cfc9, N i5.t>:Fe©gi5:9-tt^M-rSr 

(0 0 6 11 S^attS4 0 8XI4TSI5S 5 1 OX^m 
•rSi-CN i LV>— Piltt, N i soOso-Cfo 
•5. S^1K<4S5 1 0-C^ffli-5±TI rMn(0»*U 
V^01jri, I r25Mn7s-C$)t), I r 2 0 

^3^)2 5%©M-e^«)L.Tt>J:<> *fcMnOgP^I4*jl 
7 5%d^e,l?)8 o%(DM-c[^«(cg:S)LTt) J:i/\ 

jKtta 4 0 8 -Cffiffl-r 5±-eP t Mn LV^JIi, 
P t4oMn6o"^fo5<, P t<Dg5^>«:^4 0%d»f>^5 0 

(0 0 6 21 iii±roctd-ib, ^^m(o^m^if\'tcy^ 

(0 0 6 31 ^(Dii.m<o!i^m^hmn^^t 

So 

[0 0 6 4] *t*tLT, :^m^mmm'm\^x&.T 
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(1) mmt. w\m&mnz^i-fhH. *^oWfESSfc 
M\^xmRm\zw^n\cmm^titc (i i d 

(2) «IfB~>-K^«, -Wt^ 

N i F eX XltNb, Mo. RX^C t il^b^l^ 

tf^K^lSrW-rsrtSrlteCtl-SilS (1) lclS« 

(3) MISiy-K®«, *trlSBlOgi:«ilfaS«t©Pfl 
N i-g-^^^tf^ir^ltg^t-f-SilS (2) lcE«<D;n 

(4) mi(Dm\tN iF enh^-^ij^t^m^Wit-t^ 

±IB (3) {cIE«<d;^ • /^w^ • -fevih, 

(5) t5IS®2(DSttN i O^^ifrtSrltmt-rSi 
le (4) (r|2iEcDy?.f>'-/^yw:/--fevf-„ 

(6) iaiBf51Cig(Dj?^?tt5:^>^^y<: hct-ATiMS 
0 3^>^;^ hn-A-efoO. *fcmIIB^2oa©©$tt 
2 0;i-V^;^ hn— 0 0:tV^^>^ hn — A-e& 
Srt^riRfmt-rSilE (5) {CsE«®;^t''v-/^/i'7' 

(7) wimmi<Dmtmmm2(Dmt(om\zfS3(Dmi: 

( 3 ) luE^©^ >- • ' -fe 

(8) mmf^3<DMtiT a^^ttzt^<f^^t-r?>±m 

(9) *frI2m3©g(Dj?§«. 2 0:^y^;^ hn-A:;5 
M 6 0 Jj-Vi/;^ h D-A-efcS i i: Sr^mt-T'SitS 

(8) (c:|H*fe<o;^f>"/^/W7'--feyf-. 

(10) «(lEi^-K^tStrffi§*Si:<offi|cfirgLfcif 

i|t^ai:i-5±fS (3) lc|B«o;^t°v-^NVi':/--fe>' 

(11) MEfVSftgli. -^N i F e X (^t. 
X(4Nb. Mo, RUCTii^hfiZmt^hmifi^n^) 

tf^ t?ri|#Si:t-rs±IE (10) j;i|a«<D;^tf> • /vv 

(12) fllBf V-SfegfiN i F e N b 5r-gtf r t SriRf 

mt-rsiiE (11) Kmm<o^yi°>^ ' y</i^-y • ±> 



(13) stgt, mmws.(o±.\mm\^tzR^m^ (a 

FM) gt. ii^^mBRm^^ 
@^$tv, mtiRm.m.\i. (afm) »©±(;:'fi!:«Lfc^ 

(14) iriBi^v®*!!*, ^^&m^m.\m\mm\^it 

mi«J»TOl^V@*S5r$e>tc*L, ttII5Bl<0i»¥ 

fTfv®«)Siic o F e i c o t t^hfi^mt^hm^^ 

i^^UPc^'^ts^f^W'^t^ilM. (13) {clBffe© 

(15) *trisi^vs*sii, Atrial i<73iS»¥tTi:^ve* 

miBif 2 rojS»W t'i^S*H4C oFeiCoi*^ 
IB ( 1 4 ) \z.mWL<o::^ t°>- • y<;vzf ■ ± 

(16) mM.mmmm^h-fsihmn.^\mi^2(Dm 

tir^±m (1 5) <D:^}i'y • • "tiyf-^ (1 
N i f eX (^'t', XH:, Nb, Mo, RXfC r i^h^i 

X'm^ti?)^t^m^!b/£i>mi>^hm^^n?>it-^m^h 

f£^Um:^tt^ti!imt-r^±W. (16) (cISigcD 

(18) Sfrl2«^fe6i:«-i|£f;i>f>''i5Br±, N i FeNb 
^^ts^ti:!^^t-r?>±m (17) {C|5«<0y^lfV- 

(1 9) StFlBm^e^ltilsfd^^'feSStt. »$;6S5;fv 

^t-rSilB (18) jc|3e<^;^trv-/-</Wy'--feV 

(2 0) t(rl2Bl(DjS»WfV®*g^lt)!^2©jS»^ 

2 0:t:yif:^ho~AXh?>^t^mWLt-r?>±W. (1 

9) tcEiSfo;^^^ • /vw:/ • 

(21) ii) m^timy"^^^ t. (2) mm. 

N i F eX (^tf, XliNb. Mo. Rt^CTi^h*£?> 
U ;6^oN i-g-^^^tf^2cogi:^*U ifrl5S«(^ 

s^^tt (AFM) m. m.m.^w*^hWM^ix. t^m 
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s^att (AFM) m<r)±\;iiiL9.\^tcmmtm^b^£^ 

t. (3) BtIi2lK^fBiir-f ;^i?±J-<^^fB®$tifc^ 

• •fevi^*iH()$-ii:5T^'f^3L3i-i? t, (4) s^ie;^ 

So 

(22) flE^ 1 <73JiJiN i F e N b 5r-&^. tfcttrIB 
||2©B«N i OSr^tf^ t§r#mt-r5±f2 (2 1) 

(2 3) BflEBl©gtti?^d5 5:^->i/;^ l^n-ATiS 
3 0;*->i/;^ hn-AT-fot). 4fcBiIISm2(DS«J?$ 
dS2 O:*-^^;^ hn— A7!;S1 0 0;t>:7;^ f-n— AT* 
fc.6ri:^#mti-S±IS (2 2) tcfSlgWX'f;^^ • 

(2 4) IflEi^-KSfi. BfilE^l<DatifFlSm2roS 
i: OffllC^S Lfc T a P> 3 (OS $ P) Ic^-f 5 

rt?ri|#«ti-S±IE (23) • h'y 

(2 5) BtifEf :^g«)®(*BfriBt"i^e*ed^e>BfriBR^ 

(2 4) icIB^wf^^^ • Vy^^^m. 

[H 2 ] ^^<r>A P fi^a*:^ f • /"^/vzf ' ±>f-(D 
[HIS] *^M«fiSmiE«i:x-^;^^ • Ky-f^'^SO- 

5. 

nti: (111) ¥SSrJ^offi.i:.^Sr*«J (FCC) 
[115] *^?gj;i^>t'5<eS:S$nfcv— KS^ffi^ii 



[1117] :i^^micht^<SScW^titc\i°:^m>t>mi:m^ 



3 0 0 




3 1 2 


m^f^:^^ 3 1 2 


3 1 3 




3 1 4 




3 1 5 




3 18 




3 19 




3 2 1 




3 2 2 




3 2 7 




3 2 9 




3 2 3. 


3 2 8 y^^y 


3 2 5 




3 7 0 




3 7 2 


a^gS 7 2 


3 7 4 


(111) ¥ffi 


3 7 8 




4 0 0 




4 0 2 




4 0 4 




4 0 6 
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4 0 7 


%2<om (^>--KS) 


4 0 8 


(AFM) a 


4 10 
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4 14 




4 16 




4 18 




4 2 0 
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4 3 0 
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